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Bell saddles 
are held onto the crosstubes 
with 12 MS90354-1006 
rivets but there is no friction 
force to resist 
twisting 
moments 
between 
the skidtube 
and the crosstube. 


Fsb := ncb.Fsul006 
Fsb = 102000"lb 
Twisting 
force allowed before Bell saddle to 
crosstube 
rivets fail in shear 


Bearing of the Fasteners 
on the Saddle 
Material 


Ultimate 
Bearing Allowable 


Bud:=Ff+ 
ncd.dcd.txfFbru3 
Bud = 85836"lb 


Bubl 
:=ncb.dcb.tmatfFbru4.ff 
Bubl 
= 50819"lb 


Bub2 :=ncb.dcb.tmata.Fbru4.ff 
Bub2 = 63015'Ib 


Twisting 
force allowed before Dart saddles fail in 
bearing 
(ultimate) 


Twisting 
force allowed before Bell fwd saddles 
fail in bearing 
(ultimate) 
Twisting 
force allowed before Bell aft saddles 
fail in bearing 
(ultimate) 


Yield Bearing Allowable 


Byd :=Ff+ 
ncd.dcd.txfFbry3 
Byd = 75882"lb 


Bybl 
:=ncb.dcb.tmatfFbry4.ff 
Bybl 
= 37184"lb 


Byb2 :=ncb.dcb.tmata.Fbry4.ff 
Byb2 = 46109"lb 


Twisting 
force allowed before Dart saddles 
yield 
in bearing 
(yield) 


Twisting 
force allowed before Bell fwd saddles 
yield in bearing 
(yield) 
Twisting 
force allowed before Bell aft saddles 
yield in bearing 
(yield) 


Margin of Safety 


Margin of Safety - Dart aft saddle-to-crosstube 
fastener failure 


Margin of Safety - Dart fwd saddle-to-crosstube 
fastener 
failure 
MS6f= 
1.14 


MS6a =0.73 


The above analysis shows that the Bell saddles 
will fail in bearing 
before the fasteners 
that hold the saddles 
onto the crosstubes 
fail. 
In the Dart configuration, 
the fasteners 
will fail in shear before the saddles 
will fail 


in bearing. 


MS6f:= 
Fsd _ 1 
Bybl 


Fsd 
MS6a :=--- 
1 
Byb2 


7.4 
Upper Saddle Strength 
Comparison 


This calculation 
checks 
the strength 
of the saddle 
material 
through 
the critical cross section 
illustrated 
in Figure 5 of Reference 
1. The estimates 
for the inertia values and the area of this 
cross section 
are also shown 
in the Reference 
section. 
Ld 
Lf :=- 
- ctubefwd 
Lf = 2.61'in 
Dart forward 
saddle flange length 
2 


Ld 
La :=- 
- ctubeaft 
2 


CGxf:= ctubefwd + 0.5.Lf 
trf 
CGyf:= ctubefwd + tf+- 
2 
CGxa := ctubeaft + 0.5.La 
tra 
CGya := ctubeaft + tf + - 
2 


La = 2.50'in 


CGxf = 2.69"in 


CGyf= 
1.60'in 


CGxa = 2.75'in 


CGya = 1.71"in 


Dart aft saddle flange length 


Dart forward Center of Gravity of flange 


Dart forward Center of Gravity of rib 


Dart aft Center of Gravity of flange 


Dart aft Center of Gravity of rib 


Revision: 
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DART AEROSPACE 
LTD 


Jt [ 
4 
4] 
f I 
3 
2) 
Isxf :=_. 
(ctubefwd 
+ tf) 
- ctubefwd 
+ 4. -.tf 
Lf + tf. LfCGxf 
4 
12 
2 
Jt 
4 
4 
I 
3 
2 
gt 
Isyf :=_.[ (ctubefwd 
+ tf) 
- ctubefwd 
] + 2. -.1.5.tw.trf 
+ 1.5.tw.trfCGyf 
+ Lftf 
(- + -~ 
] 
4 
12 
2 
2) 


Asf:= 
Jt.[ (ctubefwd 
+ tf)2 - ctubefwd2] 
+ 4.tf Lf + 2.1.5.tw.trf 


Jt [ 
4 
4] 
I 
3 
2) 
Isxa :=_. 
(ctubeaft+ta) 
- ctubeaft 
+4. 
-.ta.La 
+ta.La.CGxa 
4 
12 


( 
~ 
2] 
Jt 
4 
4 
1 
3 
2 
gt 
Isya :=_.[ (ctubeaft 
+ ta) 
- ctubeaft 
] + 2. -.1.5.tw.tra 
+ 1.5.tw.tra.CGya 
+ Lf.tf 
- +- 
4 
12 
2 
2 


Asa 
:= Jt.[ (ctubeaft 
+ ta)2 - ctubefwd2] 
+ 4.ta' La + 2.1.5.tw.tra 
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Isxf = 15.33 °in 
4 


Isyf=2.26°in 
4 


Asf= 
3.51 "in2 


Isxa = 21.17°in 
4 


Isya =3.59°in 
4 


Asa = 5.75 °in2 


The inertias of the Bell saddles 
are based on the circular cross section shown in Figure 3 of Reference 
1. 


1 
[ 
4 
4] 
Ibf :=_.Jt. 
(ctubefwd 
+ tmatf) 
- ctubefwd 
4 


Abf:= 
Jt.[ (ctubefwd 
+ tmatf) 2- ctubefwd2] 
I 
[ 
4 
4] 
Iba :=_.Jt. 
(ctubeaft 
+ tmata) 
- ctubeaft 
4 


Aba := Jt.[ (ctubeaft 
+ tmata)2 - ctubeaft2] 


Abf = 1.14 °in2 


Iba = l.92"in 
4 


Bell forward 
saddle inertia 


Bell forward 
saddle area 


Bell aft saddle 
inertia 


Bell aft saddle 
area 


Ultimate 
Bending Allowable 


Mdufl 
:- Ftu3. Isxf. 2 


Ld 


Mduf2 
:- 
Ftu3.Isyf 
ctubefwd 
+ txf 


Mdual 
:- Ftu3.Isxa.2 


Ld 


Mdua2 
:- 
Ftu3.Isya 
ctubeaft 
+ txa 


Ftu4. Ibf. ff 
Mbuf:-------- 
ctubefwd 
+ tmatf 


Ftu4.Iba.ff 
Mbua 
:-------- 
ctubeaft 
+ tmata 


Mdufl 
= 160989 "!b.in 


Mduf2 
= 57502 
olb.in 


Mdual 
= 222239 


01b.in 


Mdua2 
= 83083 °lb.in 


Mbuf 
= 45392 °lb.in 


Mbua 
= 66227 


olb.in 


Dart fwd-aft bending allowable for forward saddle 


Dart inboard-outboard 
bending allowable 
for fwd 
saddle 


Dart fwd-aft bending allowable for forward saddle 


Dart inboard-outboard 
bending allowable 
for aft 
saddle 


Bell bending allowable 
for forward 
saddle 


Bell bending allowable 
for aft saddle 


MS7f:=Mdufl_ 
1 
Mbuf 


MS7a := Mdual 
_ 1 
Mbua 


MS8f := Mduf2 _ 1 
Mbuf 


MS8a := Mdua2 _ 1 
Mbua 


MS7f = 2.55 
lJ:S Zl1- Margin of Safety - Dart fwd-aft bending allowable 
for forward 
saddle (ultimate) 


MS7a = 2.36 
l..J(..$ 1,:){, Margin of Safety - Dart fwd-aft bending allowable 
for aft saddle (ultimate) 


MS8f = 0.27 
LJ-(';) 
D.:)C> 
Margin of Safety - Dart inboard-outboard 
bending 
allowable 
for forward 
saddle (ultimate) 


MS8a = 0.25 
L.J,,') 
o;L4Margin 
of Safety - Dart inboard-outboard 
bending 
allowable 
for aft saddle 
(ultimate) 
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Mdycfl := Fcy3.Isxf.2 


Ld 


Mdycf2 :- 
Fcy3.Isyf 
ctubefwd + txf 


Mdycal :- Fcy3.Isxa.2 


Ld 


Mdyca2 :- 
Fcy3.Isya 
ctubeaft + txa 


Mbyf:- 
Fcy4.IbHf 
ctubefwd + tmatf 


Mb 
Fcy4.Iba.ff 
ya :-------'---- 
ctubeaft + tmata 


MS9f:= Mdycfl _ 1 
Mbyf 


MS9a :- Mdycal 
Mbya 


MSlOf:- Mdycf2 _ 1 
Mbyf 


MSlOa :- Mdyca2 
Mbya 


Tensile 
Yield Bending 
Allowable 


Mdytfl :- Fty3.Isxf.2 


Ld 


Mdytf2 :- 
Fty3.Isyf 
ctubefwd + txf 


Mdytal :- Fty3'lsxa.2 
Ld 


Mdyta2 :- 
Fty3.Isya 
ctubeaft + txa 


Mdycfl = 134158'lb.in 
Dart fwd-aft bending allowable for forward saddle 


Mdycf2 = 47918'lb.in 
Dart inboard-outboard 
bending allowable for fwd 
saddle 


Mdycal = 185199'lb.in 
Dart fwd-aft bending allowable 
for forward saddle 


Mdyca2 = 69236'lb.in 
Dart inboard-outboard 
bending allowable for aft 
saddle 


Mbyf=41202'lb.in 
Bell bending allowable 
for forward saddle 


Mbya = 60114'lb.in 
Bell bending allowable 
for aft saddle 


MS9f = 2.26 ~~ 
-ZifL Margin of Safety - Dart fwd-aft bending 
allowable 
for forward saddle (compressive 
yield) 


MS9a =2.08 wcS Z,v~ 
Margin of Safety - Dart fwd-aft bending 
allowable 
for aft saddle (compressive 
yield) 


MSlOf = 0.16 
we5 t>.Jlj 
Margin of Safety - Dart inboard-outboard 
bending 
allowable 
for forward 
saddle (compressive 
yield) 


MSlOa = 0.15 vS 0/)) 
Margin of Safety - Dart inboard-outboard 
bending 
allowable 
for aft saddle (compressive 
yield) 


Mdytfl = 134158'lb.in 
Dart fwd-aft bending allowable for forward saddle 


Mdytf2 = 47918'lb. in 
Dart inboard-outboard 
bending allowable for fwd 
saddle 


Mdytal = 185199'lb.in 
Dart fwd-aft bending allowable for forward saddle 


Mdyta2 = 69236'lb.in 
Dart inboard-outboard 
bending allowable for aft 
saddle 
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MSIlf = 2.43 I.->q 1.(, Margin of Safety - Dart fwd-aft bending 
allowable 
for forward 
saddle (tensile yield) 


MSlla 
= 2.25 
tJ~ t.,''LSMargin of Safety - Dart fwd-aft bending 
allowable 
for aft saddle (tensile yield) 


Mbyf:- 
Fty4.IbHf 
ctubefwd + tmatf 


Mbya :- 
Fty4.Iba.ff 
ctubeaft + tmata 


MSllf:=Mdytfl_ 
1 
Mbyf 


MSlla 
:- Mdytal 
Mbya 


Mbyf= 39107.1b.in 


Mbya = 57057.1b.in 


Bell bending allowable 
for forward 
saddle 


Bell bending allowable 
for aft saddle 


'H 


I 


MSI2f:= Mdytf2 _ 1 
Mbyf 


MSl2a :- Mdyta2 
Mbya 


MSI2f=0.23 
•...•'-S b\1.~ Margin of Safety - Dart inboard-outboard 
bending 
allowable 
for forward saddle (tensile yield) 


MS12a = 0.21 ~<.S b.'L1.- Margin of Safety - Dart inboard-outboard 
bending 
allowable 
for aft saddle (tensile yield) 


Shear Allowable 


Fsudf:= Fsu3. Asf 
Fsuda :=Fsu3.Asa 


Fsubf:= Fsu4.AbHf 
Fsuba :=Fsu4.Aba.ff 


Fsudf = 94752.lb 
Fsuda = 155204.1b 


Fsubf = 40101.lb 
Fsuba = 54078.1b 


Dart shear force allowable 
Dart shear force allowable 


Bell shear force allowable 
for forward 
saddle 
Bell shear force allowable 
for aft saddle 


MS13f:= Fsudf _ 1 
Fsubf 


MS13a := Fsuda _ 1 
Fsuba 


MS13f = 1.36 
"""I t .~L 
Margin of Safety - Dart shear allowable 
for fwd 
saddle 


MS13a = 1.87 W~~ (Iff) 
Margin of Safety - Dart shear allowable 
for aft 
saddle 
ol( 
8.0 Skidtube Comparisons 
fVl~V's~s 
'Pll~uc.. 
~ 
pt:v-t-5 
6Jli 
l,...t,\J\ 
(jJ 6f>~{).~L 


It is an important 
aspect 
of skidtube 
design that the structure 
maintain 
its shape to preserve 
inertial 
properties. 
Experience 
has shown 
that round tubes lose at least 10% of their primary 
inertial properties 


under bending 
conditions. 


B.1 
General 
Information 


fb :=0.90 


Secondly, 
the analysis 
of section 
7.4 shows that Dart saddles 
are significantly 
stiffer than Bell saddles 
in 
the principal 
skidtube 
bending 
direction 
therefore 
increasing 
the rigidity of the supports 
in a beam 
analysis. 
In terms of bending 
moments 
resulting 
from a centrally 
located 
load P over a beam of length L, 
a pinned-pinned 
beam must be designed 
for bending moments 
of the magnitude 
PU4 while a fixed-fixed 
beam must be designed 
for bending 
moments 
of the magnitude 
PUB. 
The allowable 
bending 
moments 
in 
a pinned-pinned 
beam are therefore 
half of the allowable 
bending 
moments 
in fixed-fixed 
beam. 
Because 
of the difference 
in end conditions 
between 
a Dart skidtube 
and a Bell skidtube, 
a reduction 
factor will be 
applied 
to the allowable 
bending 
moments 
in Bell skidtubes. 


fe :=0.90 
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